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ABSTRACT:  
Present work produces an excellent green route for the synthesis of Schiff bases derived from 2, 6 diamino pyridine, by 
using lemon juice as the catalyst. This method is experimentally simple, quick, clean and high yielding. Purity and yield of 
the reaction is increased by using lemon juice there by avoided the traditional dehydrating agents like glacial acetic acid. 
This method was successfully extended for the synthesis of different Schiff bases derived from 2,6 diamino pyridine like 
N,N´-bis(2-hydroxy-1-napthalene)-2,6-pyridiamine, N,N´-bis(2-methoxy-1-napthalene)-2,6-pyridiamine and N,N´-bis 
(naphthalene)- 2,6-pyridiamine. These compounds were prepared by using catalytic amount of lemon juice, and found 
more economical, safe, neat and eco friendly than using other commercially available dehydrating agents. 
The synthesized compounds were characterized by FT-IR, 1HNMR spectroscopy, CHN analysis and mass. Compounds 
are screened for their antifungal activity against Aspergillusniger and M.fufur while antibacterial activity was checked 
against E.coli, Klebsiella, Bacillus cereus and Staphylococcus aureus. Hydroxyl derivative of the compound was showing 
significant anti bacterial activity against all selected bacteria. Klebsiella was showing a considerable inhibition compared to 
standard Tetracycline. 
Key words: Green synthesis; Schiff bases and Anti microbial activity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Council for Innovative Research 
Peer Review Research Publishing System 
Journal: Journal of Advances in Chemistry 
Vol. 10, No. 5 
editorjaconline@gmail.com 
www.cirjac.com 
 
    ISSN 2321-807X 
2706 | P a g e                                                   S e p t e m b e r  1 0 ,  2 0 1 4  
Introduction:  
The search for new antibacterial agents to treat the bacterial infection has become an unavoidable area of scientific 
research due to the increasing incidence of multi resistant bacterial infections in the community as well as the 
development of bacterial resistance to available antibiotics. Schiff bases, a condensed product of aromatic amine and 
aldehydes have been known to posses wide range of applications like anti bacterial anti fungal, anti tumor, analgesic, anti 
inflammatory, anti toxic ,anti HIV, anti cancer as well as other biological activities [1]. It is been discovered that the specific 
C=N bond in Schiff bases are the most crucial for these biological activities. Therefore poly cyclic Schiff bases derived 
from 2,6 diamino pyridine, which contains methoxy, and hydroxyl substituent have been preferentially synthesized through 
green route and compared the anti microbial activity with a least substituted derivative of the same. 
Importance of acid in the Schiff base synthesis:  
The acid/base catalysis or heating is preferred for the synthesis of Schiff bases as their reactions are mostly reversible. 
The dehydration step during formation of Schiff base is the rate determining step and the reaction is catalyzed by acid. 
High concentration of acid is not needed due to basic due to basic character of amine [2]. 
Therefore low acidic pH are quite good for the formation of Schiff base. The usual methodologies like use of acid catalysts 
akin to Lewis acids or other commercially available acids reported to be having some disadvantages such as prolonged 
reaction time, the high reaction temperatures, an excess of costly dehydrating reagents/catalysts, moisture sensitive 
catalysts, and special apparatus, etc [2]. In the present work we have synthesized Schiff bases of substituted 
napthaldehyde and aromatic amines by employing Lemon juice as green catalyst.  
Extract of Citrus limonium species of lemon is been used as natural catalyst for synthesis of Schiff bases. The main 
ingredients of lemon juice are moisture (85%), carbohydrates (11.2 %), citric acid (5-7%), protein (1%), vitamin-C (0.5 %), 
fat (0.9 %), minerals (0.3 %), fibers (1.6 %) and some other organic acids. As lemon juice is acidic in nature (pH ≈ 2-3) and 
percentage of citric acid (5-7%) is more than other acids, it works as acid catalyst for Schiff bases formation [2]. 
Experimental  
All the reagents required for the reaction were brought from Aldrich Chemicals and were chemically pure. The solvents 
were freshly distilled before use. The elemental analysis of carbon, hydrogen and nitrogen were performed at 
spectroscopy /analytical test facility, Indian institute of science. Infra-red spectra of complexes were recorded in KBr 
pellets with a Perkin - Elmer 597 spectrophotometer in the range 4000-400 cm-1. The 1H-NMR spectra were recorded in 
CDCl3 with Bruker 400MHz instrument using TMS as internal reference.  
General method of the preparation of lemon juice: Lemon fruit was cut and squeezed to take the juice. The juice thus 
obtained was filtered and used for the reaction (1.0 ml for each 0.500 g batch.) [2]. 
Synthesis of ligands 
P(a):To a stirring solution of 2-hydroxy-1-naphthaldehyde (1.5g, 9.1mmol) lemon juice 1.0 ml was added and continued 
the stirring for 2-3minute. 2,6 diaminopyridine (0.500g, 4.5mmol) was added to the reaction mixture and refluxed at 60 ºC 
for 1.5 hrs. The reaction mixture was cooled to room temperature. The resulting precipitate was filtered and washed with 
cold ethanol. Reddish brown solid,78% yield , purity was excellent after direct filtration of the reaction mixture 
P(b) : To a stirring solution of 2-Methoxy-1-naphthaldehyde (1.7g, 9.1mmol) lemon juice 1.0 ml was added and continued 
the stirring for 2-3minute. 2,6 diaminopyridine (0.500g, 4.5mmol) was added to the reaction mixture and refluxed at 60 ºC 
for 1.5 hrs. The reaction mixture was cooled to room temperature. The resulting precipitate was filtered and washed with 
cold ethanol. Bright yellow solid, 73% yield. Product obtained as recrystalized from ethanol. 
P(c): To a stirring solution of 1-naphthaldehyde (1.4g, 9.1mmol) lemon juice 1.0 ml was added and continued the stirring 
for 2-3minute. 2, 6 diaminopyridine (0.500g, 4.5mmol) was added to the reaction mixture and refluxed at 60 ºC for 1.5 hrs. 
The reaction mixture was cooled to room temperature. The resulting precipitate was filtered and washed with cold ethanol.  
Bright yellow solid, 60% yield, Product obtained as recrystalized from ethanol 
Conventional method: 
2, 6-diaminopyridine (4 mmol, 0.436 gm) was added to a stirring solution of 2-hydroxy-1- 
Napthaldehyde (0.979 gm, 8 mmol), prepared in methanol (10 ml). The resulting mixture was refluxed at 60 ºC and stirred 
for 3 h. The reaction mixture was cooled to room temperature and the resulting precipitate was filtered and washed with 
cold methanol. The brown residue was purified by column chromatography (20% ethyl acetate/ 80% petroleum ether to 
give pure product [10]. Yield P(a)= 68%, P(b) =50% and P(c) = 40% 
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Scheme 1  
General mechanism for the formation of a Schiff base 
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Scheme 2  
 
Formation of Schiff base in presence of acid catalyst. 
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Result and discussion:  
Spectral and Physical characterization of Schiff’s bases 
All compounds are stable and have sharp melting points that indicate the purity of the compounds. The elemental analysis 
is co operating with the compositions suggested for the compounds. The IR of each compound confirm the formation of 
the imide bond formation (–C=N) and the absence of the original aldehydes bond (C=O). Completion of reaction was also 
confirmed by treating the product with Schiff reagent, were the absence magenta colour indicated the absence of 
aldehyde. 
 
P (a): Anal. Calc. for C27H19N3O2: Observed (Theoretical): C –76.7(77.69); H- 4.44(4.56); N-10.1(10.07); Infrared 
spectrum (cm-1 KBr disk); ν(C=N) 1616, ν (phenolic C-O) 1347; ν (CH) 830,  
1HNMR (CDCl3, ppm); (phenolic OH) δ 15.176-15.158 (d, 2H, OH exch.); δ 10.03 (d, 2H, HC=N); δ 8.20-6.97(Ar-H) 
Coupling between protons from OH and CH=N may be responsible for the doublets, LCMS: (m+1) =418.1  
P (b): Infrared spectrum (cm-1 KBr disk); ν(C=N) 1592, ν (methoxy C-O) 1247, ν (CH) 807  
1HNMR (CDCl3, ppm):  δ 10.170 (s, 1H, HC=N); δ 8.351-7.258 (Ar-H); δ 4.059 (s, 1H, OCH3) since there is no coupling is 
between OCH3 proton and CH=N proton, singlet peak is observed for both the protons, LCMS :( m+1) = 447.2  
P (c): Infrared spectrum (cm-1 KBr disk); ν(C=N) 1578, ν (CH) 813    
1HNMR (CDCl3, ppm):  δ 10.172 (s, 1H, HC=N); δ 8.352-7.260 (Ar-H) As there is no substituent to couple with CH=N 
proton, again singlet is observed for CH=N proton, LCMS: (M-1) Negative mode = 384.4 
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Biological Activity  
Anti fungal and antibacterial studies 
All the compounds were evaluated for their antifungal activities with Aspergillus niger, M.fufur,  orium, and antibacterial 
activity against E.coli, Klebsiella, Bacillus cereus, and Staphylococcus aureus by disc diffusion method. 
Procedure: Sterilized Nutrient agar plates are prepared by autoclaving nutrient agar media and petri dishes at 121ºC and 
15psi for 15-20 minutes. Sterilized molten media is poured over petri dishes and allowed to solidify. Two Gram positive, 
Two gram negative bacteria and fungus culture of 100µl are spread over the solidified nutrient agar plates separately. 
Tetracycline discs were placed as control in bacterial plates and Forcan (fungal antibiotic 10mg/ml) were placed on fungal 
plates. 10mg of compounds P (a), P(b), and P(c) were dissolved in 1ml dimethylsulfoxide. 200µl of each extract was 
loaded into sterile filter paper discs and placed on the media. Plates were incubated at 37ºC for 17 hours. After incubation 
the zone of inhibition formed on each plates were noted down [15, 16, 17] 
 
Result 
 Pa Pb Pc Forcan Tetracycline 
E.coli 10mm R R - 30mm 
Klebsiella 11mm R R - R 
Bacillus cereus 11mm R R - 23mm 
Staphylococcus 
aureus 
10mm R R - 15mm 
Aspergillus 
niger 
R R R 1mm - 
M.fufur R R R 3mm - 
      
                                                                                           R: Resistance 
In the present study, among all Schiff bases, N, N´-bis (2-hydroxy-1-napthalene)-2,6-pyridiamine showed maximum 
inhibitory activity against all the bacteria. But it was resistant against Aspergillus niger and M.fufur.It is interesting to note 
that the same compound showed a significant inhibition compared to control sample tetracycline in case of Klebsiella,  
Inhibition observed in each case is given, 
 
                                                                             
 
 
Conclusion  
In this paper, we are reporting an efficient eco-friendly route for the synthesis of Schiff bases by using lemon Juice as the 
catalyst. The products are purified by recrystallization using appropriate solvents. Compared to traditional methods, this 
method gives good yield and reduces the time required for the reaction. It is cleaner, safer and more eco-friendly. The 
reaction also required mild reaction conditions and simple workup. Schiff bases thus prepared were characterized by using 
spectral methods and tested for microbial activities and some of them showed good inhibition as well. 
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